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(54) Vinyl acetate based polymer latex composition, especially for adhesives 



(57) The present invention relates to a vinyl acetate 
based polymer latex composition obtained by emulsion 
polymerization, the polymer comprising PVOH, and a 
monomer mixture, said monomer mixture comprising vi- 
nyl acetate, and a pre-crosslinking monomer selected 
from one or more polyethylenically unsaturated com- 
pounds wherein said pre-crosslinking monomer is 



present in amount of less than 0.01 % by weight based 
on the total monomer content and which pre-crosslink- 
ing monomer is initially charged to the polymerization 
reaction mixture. The invention further relates to use of 
the vinyl acetate based polymer latex in an adhesive, 
preferably a woodworking adhesive and to an adhesive, 
preferably a woodworking adhesive comprising said la- 
tex. 
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Description 

Field of the Invention 

[0001] The present invention relates to vinyl acetate 
based polymer latices and especially such polymer lat- 
ices for use in adhesives, preferably woodworking ad- 
hesives. 

Background of the Invention 

[0002] Polymer emulsions or polymer latices pre- 
pared by conventional emulsion homo- or copolymeri- 
zation of vinyl acetate using polyvinyl alcohol as protec- 
tive colloid are widely used for adhesives. There are 
several application fields for such emulsions such as in 
wood glues, paper and packaging adhesives (e.g. case 
sealing, book binding, bag making, card board lamina- 
tion), parquet adhesives and others, most importantly 
woodworking adhesive formulations. 
[0003] All these adhesives and especially woodwork- 
ing adhesives are optimized with respect to several 
properties such as water resistance of the bond, heat 
resistance of the bond and creep of the bond. Further, 
before application several dispersion properties must be 
met. These are compatibility with formulation aids such 
as film forming agents, fillers, metal salts; Theological 
properties; storage stability; the speed of set and so on. 
[0004] Vinyl acetate based polymer latices for wood- 
working adhesives having good water resistance typi- 
cally use some functional post-crosslinking comonomer 
in polymerization and the formulation with a catalyst af- 
ter polymerization. Amongst the post-cros si inkers N- 
alkylol derivatives of an amide of an a.p-ethylenically 
unsaturated carboxylic acid, such as N-methylol acryla- 
mide (NMA) which is preferred for latex wood glues are 
known. For example, US-A-5,439,960 and US-A- 
5,391,608 describe the use of 0.1 to 6% of NMA based 
on total monomer content. Likewise European Patent 
Application EP-A-0, 56 1,221 describes the use of 2 to 
10% NMA. 

[0005] As the catalyst for formulation of the above 
woodworking adhesives having good water resistance 
water-soluble metal salts of monobasic acids such as 
aluminum(lll), iron(III) and/or zirconium(IV) salts, espe- 
cially aluminum nitrate, iron chloride or zirconium oxy- 
chloride are used (see for example DE-26,20,738, EP- 
A-0,433,957, EP-A-0,501,174, EP-A-0,686,683 and 
US-A-5,434,216). 

[0006] Another approach to improve water resistance 
of wood glues is for example disclosed in EP-A- 
0,433,957, EP-A-0,623,661 and JP-06,322,337 which 
documents relate to use of more hydrophobic comono- 
mers such as vinyl pivalate, diisopropyl maleate, diiso- 
propyl fumarate, vinyl chloride or versatic acid vinyl es- 
ters for this purpose. 

[0007] US-A-5,296,532 discloses a vinyl ester graft 
copolymer comprising 2 to 1 2% by weight of one or more 



polyvinyl alcohols and 88 to 98% by weight of a graft 
monomer mixture. The graft monomer mixture compris- 
es 5 to 50% by weight of a saturated aliphatic highly 
branched mono-carboxylic acid having 9 to 10 carbon 
5 atoms, 50 to 95% by weight of a vinylic ester having 1 
to 18 carbon atoms in the ester residue, and 0.01 to 4% 
by weight of a copolymerizable polyethylenically un- 
saturated monomer such as divinyl adipate, triallyl cya- 
nurate or diallyl maleate. The graft copolymer may fur- 
to ther comprise up to 26% by weight of other monoethyl- 
enically unsaturated monomers. The document exam- 
plifies a vinyl acetate based woodworking adhesive or 
wood glue comprising 0.03% triallyl cyanurate. 
[0008] US-A-5,391,608 and 5,439,960 disclose a 
15 two-stage emulsion polymerization procedure to obtain 
a graft copolymer according to which two-stage process 
in the first stage vinyl acetate is emulsion polymerized 
with 0.1 to 6% by weight of a post-crosslinking monomer 
in the presence of polyvinyl alcohol and in the second 
20 stage methyl methacrylate is emulsion polymerized with 
0.1 to 6% by weight N-methylol acrylamide and 0.01 to 
0.5% by weight triallyl cyanurate or diallyl maleate to ob- 
tain the outer shell of the graft polymer. 
[0009] Adhesive performance of for example a wood 
25 glue is typically controlled by the amount of polyvinyl al- 
cohol, i.e. the ratio of polyvinyl alcohol to monomer, the 
polyvinyl alcohol molecular weight and its degree of hy- 
. droiysis as for example disclosed in US-A-5,434,21 6. In 
addition, functionalized polyvinyl alcohols, e.g. ace- 
30 toacetylated polyvinyl alcohols (JP-A-06,279,644) or 
itaconic acid-modified polyvinyl alcohols (JP-A- 
07,11,217) may be used. 

[0010] The choice of the polyvinyl alcohol (PVOH) in 
turn determines other properties of the vinyl acetate la- 

35 tex and thus the adhesive obtained, especially its Theo- 
logical properties such as viscosity and shear thinning, 
or the speed of set. Rheology thus will mainly depend 
on the molecular weight distribution and degree of hy- 
drolysis of the polyvinyl alcohol used. For example, EP- 

40 A-0,686,683 discloses altering the Theological proper- 
ties by altering the formulation with some thickening 
agent, thereby changing the continuous phase viscosity. 
[0011] None of the above techniques allows for a sim- 
ple straight forward independent control of these prop- 

45 erties. It is therefore the object of the present invention 
to find a possibility for independent control of the shear 
thinning and speed of set, which in turn allows to pre- 
cisely and intentionally adapt the emulsion or latex for 
certain applications thereby improving performance of 

50 for example a woodworking adhesive or wood glue. 
[0012] Nevertheless, it would be especially useful and 
desirable to provide a certain shear thinning behavior 
and to improve the speed of set. At the same time, how- 
ever, the viscosity level should remain more or less un- 

55 changed like the other useful adhesive performance pa- 
rameters, created e.g. by the level of NMA comonomer 
or other comonomer and/or by the molecular weight and 
hydrolysis distribution of the PVOH protective colloid. 



2 



3 EP 1 170 311 A1 4 

Brief Summary of the Invention Detailed Description of the Invention 



[001 3] The above object is solved and the drawbacks 
of the prior art are overcome according to a first aspect 
of the invention by a vinyl acetate based polymer latex 
composition obtained by emulsion polymerization, the 
polymer comprising (i) PVOH, and (ii) a monomer mix- 
ture, said monomer mixture comprising (a) vinyl acetate, 
and (b) a pre-crosslinking monomer selected from one 
or more polyethylenically unsaturated compounds 
wherein said pre-crosslinking monomer is present in 
amount of less than 0.01 % by weight based on the total 
monomer content and which pre-crosslinking monomer 
is initially charged to the polymerization reaction mix- 
ture. 

[0014] The vinyl acetate based polymer latex compo- 
sition may further comprise a post-crosslinking mono- 
mer as well as other copolymerizable monomer select- 
ed from vinylic esters, acrylic monomer, carboxylic acid 
and ethylene. 

[0015] In a second aspect, the present invention re- 
lates to an adhesive comprising a vinyl acetate based 
polymer latex composition obtained by emulsion polym- 
erization, the polymer comprising (i) PVOH, and (ii) a 
monomer mixture, said monomer mixture comprising 
(a) vinyl acetate, and (b) a pre-crosslinking monomer 
selected from one or more polyethylenically unsaturated 
compounds wherein said pre-crosslinking monomer is 
present in amount of less than 0.01 % by weight based 
on the total monomer content and which pre-crosslink- 
ing monomer is initially charged to the polymerization 
reaction mixture, (c) further optionally comprising a 
post-crosslinking monomer, up to 40% by weight of oth- 
er vinylic esters, up to 15% by weight of acrylic mono- 
mer, up to 3% by weight of unsaturated carboxylic acid, 
and up to 20% by weight of ethylene, all percentages 
being based on total monomer content, optionally in 
combination with appropriate additives. Preferably the 
adhesive is a woodworking adhesive. 
[001 6] According to a third aspect, the present inven- 
tion relates to use of the above vinyl acetate based pol- 
ymer latex composition optionally in combination with 
appropriate additives in an adhesive, preferably a wood- 
working adhesive. 

Brief Description of the Drawings 

[0017] 

Figures 1 and 2 are graphs showing the volume 
density distribution functions of particle size for the 
latices obtained by use of AMA and TAC as the pre- 
crosslinking monomer, respectively. 

Fig. 3 is a graph showing dependency of sheer thin- 
ning on particle size for the latices of examples 2, 
4 to 7 and 9 



[001 8] The present invention is based on the surpris- 
ing finding that the rheological properties such as shear 

5 thinning and speed of set of a vinyl acetate based pol- 
ymer latex prepared by conventional emulsion polymer- 
ization using PVOH as a protective colloid can be shifted 
without substantially changing the viscosity level, by po- 
lymerizing the vinyl acetate in presence of a small 

10 amount (less than 0.01 % by weight based on total mon- 
omer content) of a pre-crosslinking monomer of the pol- 
yethylenically unsaturated type. Other important adhe- 
sive properties remain unchanged, whereas the shear 
thinning of the adhesive obtained from the above vinyl 

15 acetate based polymer latex composition is advanta- 
geously lowered and its speed of set increased. 
[0019] The present invention according to its first as- 
pect thus relates to a vinyl acetate based polymer latex 
composition obtained by emulsion polymerization, the 

20 polymer comprising (i) PVOH, and (ii) a monomer mix- 
ture, said monomer mixture comprising (a) vinyl acetate, 
and (b) a pre-crosslinking monomer selected from one 
or more polyethylenically unsaturated compounds 
wherein said pre-crosslinking monomer is present in 

25 amount of less than 0.01 % by weight based on the total 
monomer content and which pre-crosslinking monomer 
is initially charged to the polymerization reaction mix- 
ture. 

[0020] The polymer latex of the invention comprises 
30 vinyl acetate as the base monomer. Vinyl acetate is 
used in an amount of 99.9 to 60.0% by weight, based 
on total monomer content. Preferably, the amount of vi- 
nyl acetate used is in the range of 99.5 to 80% by weight. 
[0021] Other vinyl esters may be used in combination 
35 with vinyl acetate. Examples of such other vinyl esters 
are vinyl propionate, vinyl pivalate, vinyl laurate, vinyl 
2-ethyl hexanoate, dibutyl maleate, dioctyl maleate, di- 
isopropyl maleate, diisopropyl fumarate, versatic acid 
vinyl esters having 9 to 12, preferably 9 or 10 carbon 
^0 atoms, or mixtures thereof. The amount of other vinyl 
esters, if used, is in the range of up to 40.0% by weight, 
based on total monomer content, preferably 5 to 30% 
by weight. 

[0022] As put forth above, the pre-crosslinking mon- 
<5 omer or monomers which have to be present during the 
vinyl acetate base monomer polymerization is/are se- 
lected from one or more polyethylenically unsaturated 
compounds or mixtures of such compounds. Preferably 
the pre-crosslinking monomer is selected from the 
50 group consisting of decadiene, vinyl crotonate, diallyl 
phthalate, divinyl adipate, methylene bis(meth)acryla- 
mide, triallyl cyanurate (TAC), butanediol di(meth)acr- 
ylate, hexanediol di(meth)acrylate, pentaerythritol tri 
(meth)acrylate, pentaerythritol di(meth)acrylate, triethy- 
55 lolpropane tri(meth)acrylate, triethylolpropane di(meth) 
acrylate, divinyl dimethylsilane, divinyl diethylsilane, tri- 
ethylene glycol di(meth)acrylate, allyi(meth)acrylate 
and mixtures thereof. 
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[0023] More preferably, the pre-crosslinking mono- 
mer is selected from ally! methacrylate, triallyl cyanurate 
and mixtures thereof, most preferably allyl methacrylate 
(AMA). 

[0024] The pre-crosslinking monomer is used in an 
amount of less than 0.01% by weight based on total 
monomer content. If used in an amount of 0.01 % by 
weight or more, the speed of set is reduced considera- 
bly. Further, if used in amounts of 0.01 % or more the 
advantage of a lowered shear thinning may begin to dis- 
appear and may even be shifted to an actual shear thick- 
ening resulting in undesirable dilatancy of the polymer 
latex or of the adhesive obtained. 
[0025] On the other hand, the pre-crosslinking mono- 
mer of the invention is preferably used in an amount of 
at least 0.0002% by weight based on total monomer 
content, since the desired effect of decreased shear 
thinning may not be sufficiently achieved with lower 
amounts, although it may still be noticable. Preferably 
the pre-crosslinking monomer is used in an amount of 
0.0002% by weight to less than 0.01 % by weight, based 
on total monomer content, more preferably 0.0002 to 
0.009% by weight and most preferably 0.0005 to 
0.009% by weight. 

[0026] The pre-crosslinking monomer is at least par- 
tially, if not entirely added to the initial reactor charge or 
the initial polymerization reaction mixture such that the 
vinyl acetate is polymerized in its presence from the be- 
ginning of the reaction on. 

[0027] The vinyl acetate based polymer latex of the 
invention, particular if designed for wood glues, may fur- 
ther comprise a post-crosslinking monomer selected 
from the group consisting of N-alkylol derivatives of an 
amide of an a,p-ethylenically unsaturated carboxylic ac- 
id and mixtures thereof. Preferably the post-crosslinking 
monomer is selected from the group consisting of 
N-C 1 . 3 -alkylol (meth)acrylamides, preferably N-methyl- 
ol (meth)acrylamide, N-C^-alkylol melamides, prefer- 
ably N-methylol melamide, N-C^-alkylol melamic acid 
and their esters, preferably N-methylol melamic acid, N- 
methylol melamic acid ester, N-C 2 . 5 -acylol amides of vi- 
nylaromatic acids, N-C^-alkoxymethyl (meth)acryla- 
mide, and mixtures thereof. More preferably, the post- 
crosslinking monomer is N-methylol acrylamide (NMA). 
[0028] With the term "(meth)acryl..." as used herein 
both the respective acrylic acid derivatives and the 
methacrylic acid derivatives are referred to. Thus, "N- 
methylol (meth)acrylamide" refers to both N-methylol 
acrylamide and N-methylol methacrylamide. The above 
or C M alkyl residues include methyl, ethyl, n-pro- 
pyl, i-propyl, n-, i-, and t-butyl residues and may be cho- 
sen independently from each other. 
[0029] The post-crosslinking monomer is preferably 
comprised in the vinyl acetate based polymer latex com- 
position of the invention in an amount of 0.1 to 5.0% by 
weight based on the total monomer content. The post- 
crosslinking monomer or mixtures of such monomers is 
known to be essential for sufficient water and heat re- 



sistance of the bond. Use of such post-crosslinking 
monomer or monomer mixtures is therefore preferred. 
It is, however, not necessary to achieve the effects of 
the invention. Therefore, although preferred, the post- 

5 crosslinking monomer is not an essential component of 
the claimed latex composition. 
[0030] The vinyl acetate based polymer latex compo- 
sition of the invention may further comprise one or more 
polymerizable comonomers selected from (a) up to 40% 

10 by weight another vinylic ester, (b) up to 1 5% by weight 
acrylic monomer, (c) up to 3% by weight unsaturated 
carboxylic acid, and (d) up to 20% by weight ethylene, 
all percentages being based on total monomer content. 
[0031 ] The other vinylic ester to be optionally used as 

15 a comonomer in combination with the vinyl acetate base 
monomer has been described above. The acrylic mon- 
omer to be optionally comprised in the vinyl acetate 
based polymer latex composition of the invention may 
for example be selected from the group consisting of 

20 C^-alkyl acrylates such as ethyl acrylate, butyl acr- 
ylate, 2-ethyl hexyl acrylate or mixtures thereof. The 
acrylic monomer is preferably used in an amount of less 
than 15% by weight based on total monomer content, 
more preferably in an amount of 1 to 1 0% by weight. 

25 [0032] The above unsaturated carboxylic acid as the 
comonomer is an ethylenically unsaturated acid and 
may be selected from the group consisting of acrylic ac- 
id, methacrylic acid, crotonic acid, itaconic acid, maleic 
acid, fumaric acid, their anhydrides such as maleic acid 

30 anhydride, and mixtures thereof. If used, the amount of 
the ethylenically unsaturated carboxylic acid or their 
mixtures is 0.1 to 3.0% by weight, preferably 0.5 to 2.0% 
by weight, based on total monomer content. 
[0033] The vinyl acetate based polymer latex compo- 

35 sition may further comprise up to 20% by weight ethyl- 
ene, preferably 1 to 20 % by weight ethylene based on 
total monomer contents. In a preferred embodiment, the 
vinyl acetate based polymer latex composition, which 
may optionally comprise the above post-crosslinking 

40 monomer, comprises one or both of 1 to 20% by weight 
ethylene and 1 to 30% by weight vinyl ester as the co- 
polymerizable comonomers, provided the total amount 
of copolymerizable comonomer does not exceed 1 to 
40% by weight. 

45 [0034] The colloidal stabilizer used in the vinyl acetate 
based polymer latex compositions of the invention is 
polyvinyl alcohol (PVOH). Various suitable polyvinyl al- 
cohols are known to the skilled worker and are readily 
available. Especially preferred is a partially hydrolyzed 

so PVOH having a degree of hydrolysis from 60 to 99 mol 
%, preferably from 85 to 97 mol %, most preferably 92 
to 94 mol %. However, to achieve the desired viscosity 
level of the polymer latex and to allow for good adhesion 
performance of the bond, blends of different PVOH 

55 grades possessing different molecular weights and hy- 
drolysis distributions may be used. The colloidal stabi- 
lizer PVOH is typically used in an amount of 3 to 1 5% 
by weight, based on the total weight of the composition, 
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more preferably 4 to 8% by weight. 
[0035] As put forth above, the PVOH is typically cho- 
sen to provide suitable adhesive performance, whereas 
the Theological properties of the adhesive are likewise 
determined by the choice of the PVOH and are accepted 
as such. 

[0036] Little attention has so far been paid to the con- 
trol of the particle sizes or particle size distribution of 
polyvinyl alcohol (PVOH) stabilized vinyl acetate copol- 
ymer latices suitable for water resistant wood glues. On 
the other hand it is well-known to the skilled worker that 
particle size distribution itself does have significant in- 
fluence on the viscosity and all rheological properties, 
such as shear thinning behavior. It is also well known 
that several parameters related to the overall recipe or 
to the polymerization process may be used to alter the 
particle size distribution. Nevertheless changing the 
overall recipe especially with respect to the PVOH used 
and/or the polymerization process may be detrimental 
for the adhesive performance as well. For example, the 
use of some emulsifier or some electrolyte to produce 
different particle sizes would cause slower setting 
speeds of the adhesive and lower water resistance of 
the bond. Changing the amount and composition of the 
polyvinyl alcohol protective colloid may result in an in- 
creased particle size. However, knowing that the PVOH 
characteristics may be used as a key to control the ad- 
hesive performance this change is also very likely to de- 
teriorate adhesive performance. 
[0037] The present invention overcomes these prob- 
lems in that it provides for an independent adjusting of 
shear thinning or speed of set. Without wishing to be 
bound by theory it is assumed that this is achieved by 
an increase of latex particle sizes obtained by polymer- 
izing the vinyl acetate base monomer in presence of less 
than 0.01 % by weight based on total monomer content 
of the pre-crosslinking monomer, at which surprisingly 
the viscosity level is maintained despite the formation of 
larger particles. 

[0038] The rheological properties such as shear thin- 
ning behavior are e.g. known to depend on the volume 
fraction of the dispersed particles, on their size distribu- 
tion and on the continuous phase rheology. Especially 
an increase of particle sizes will reduce shear thinning 
and thus provide for a more Newtonian-like rheological 
behavior. The particle size or particle size distribution of 
the polymer latex is according to the invention independ- 
ently controlled by use of the pre-crosslinking monomer 
in an amount of less than 0.01 % by weight without af- 
fecting other properties such as viscosity. Especially this 
reduction of shear thinning due to the creation of larger 
particles and at the same time maintenance of viscosity 
levels seemed, however, to be impossible. 
[0039] The polymer latex particles may be co-stabi- 
lized by use of emulsifiers, if needed for example for fur- 
ther viscosity control. These emulsifiers are known to 
the skilled worker and can be included as usual. Prefer- 
ably, non-ionic emulsifiers such as polyoxyethylene 



ethers or fatty alcohols may be used, preferably in an 
amount of 0.1 to 1 .0% by weight, based on total mono- 
mer content. 

[0040] The vinyl acetate based polymer latex compo- 
5 sition of the invention is obtained by conventional emul- 
sion polymerization. Conventional batch or semi-batch 
emulsion polymerization procedures may be employed. 
Mainly for safety reasons and in view of the amount of 
heat to be dissipated, the semi-batch procedure is pre- 
10 ferred. In case of a semi-batch procedure a certain frac- 
tion ofthereactants together with some water, if desired, 
and some of the polyvinyl alcohol solution as well as 
emulsifier solution, if used, is initially charged to the re- 
actor. 

15 [0041] It is, however, required that at least part, if not 
all of the pre-crosslinking monomer is included in the 
initial reaction mixture, i.e. is initially charged to the re- 
actor. This assures that the vinyl acetate base monomer 
is polymerized in presence of the pre-crosslinking mon- 

20 omer from the beginning of the reaction on. 

[0042] The reaction may be started by feeding an 
aqueous solution of the initiator or initiator components. 
Preferred initiation of the emulsion polymerization of the 
invention is carried out by a redox reaction using a redox 

25 system of an oxidant and a reductant in suitable 
amounts, the amount of initiator components to provide 
complete conversion depending on the selected initiator 
of the redox system. Typical oxidants are selected from 
the group of organic hydroperoxides such as t-butyl hy- 

30 droperoxide (tBHP), inorganic persulfates such as sodi- 
um persulfate, potassium persulfate and ammonium 
persulfate. Other organic peroxides may be used as well 
either alone or in combination therewith. Typical reduct- 
ants are the sulfoxylates such as sodium formaldehyde 

35 sulfoxylate (SFS), sulfites such as sodium sulfite, sodi- 
um hydrogen sulfite, dithionites such as sodium 
dithionite, and organic reductants such as ascorbic acid 
and its derivatives. Preferred combinations are t-butyl 
hydroperoxide and sodium formaldehyde sulfoxylate 

40 (optionally in the presence of traces of ferro ammonium 
sulfate), t-BHP/sodium sulfite, t-BHP/sodium hydrogen 
sulfite, t-BHP/sodium dithionite and t-BHP/ascorbic ac- 
id. 

[0043] Preferably, initiation of the emulsion polymeri- 
45 zation is carried out by t-BHP/SFS in the presence of 
traces of ferro ammonium sulfate. The initiator is used 
in suitable amounts to provide complete conversion of 
the monomers. In case of the preferred initiation system 
typically less than 0.015% by weight t-BHP, based on 
50 total monomer content, for the course of the polymeri- 
zation and less than 0.15% by weight t-BHP, based on 
total monomer content, for post-polymerization to re- 
duce the residual monomer content below 50 ppm, 
based on the emulsion, is used. Molar ratios of the SFS 
55 are used during the course of the polymerization, typi- 
cally, but are not desired. 

[0044] Furtheron, the remaining fractions of the reac- 
tants, the PVOH solution as well as the emulsifier solu- 
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tion, if used, and extra water, if needed, are fed over a 
certain period of time to the reaction vessel. Feeding 
rates will typically be kept constant over the feeding 
time, but may also vary, if desired. Typical reaction times 
depend on the reaction temperature and are typically 
within the range of 2 hours to 8 hours, preferably 4 hours 
to 6 hours. 

[0045] The polymerization reaction of the invention is 
preferably performed at a temperature ranging from 50 
to 90°C, preferably between 63 and 73°C, during most 
of the reaction time. Care has to be taken that an appro- 
priate mixing of the components occurs in the reaction 
vessel. Mixing is achieved by conventional means 
known to the skilled worker. 

[0046] Initial reactor charges and procedure can be 
chosen as needed, provided at least part of the pre- 
crosslinking monomer is included in the initial reactor 
charge. 

[0047] The initiator components will be fed to the re- 
actor during all the reaction time, even after the feeding 
of reactants is finished until nearly complete conversion 
is reached. The initiator feeding rate may be kept con- 
stant or may vary over the time. For post-polymerization 
which is preferably carried out to reduce residual mon- 
omer content below 50 ppm based on the latex, more 
concentrated solutions of initiator components (prefer- 
ably t-BHP/SFS) are fed to the latex. Finally the latex is 
cooled to ambient temperature. 
[0048] The final solid content of the latex is preferably 
in a range of 45 to 60% by weight, based on aqueous 
latex, more preferably between 50 and 55% by weight. 
[0049] Final latex viscosity at 50% solids by weight will 
be between 5,000 and 30,000 mPas, mainly but not only 
depending on the type and amount of polyvinyl alcohol 
used. Viscosity is measured using a Brookfield viscom- 
eter at 20 rpm with spindle #6 at 23°C. 
[0050] The vinyl acetate based polymer latex compo- 
sition of the invention thus obtained may be formulated 
into an adhesive by conventional means. Optionally 
such adhesive may comprise suitable additives known 
to the skilled worker. Examples of such additives are film 
forming agents; water-soluble metal salts of monobasic 
acids such as aluminum, iron and/or zirconium salts; 
free mineral acids such as hydrochloride acid, nitric ac- 
id, perchloric acid, phosphoric acid or mixtures thereof 
and antifoam agents. 

[0051] The adhesives of the invention are character- 
ized by a preferable setting speed in the range of 6.5 N/ 
mm 2 or above, appropriate water resistance, appropri- 
ate heat resistance; appropriate viscosity and a shear 
thinning factor in the range of 0.1 to 0.4, calculated from 
the viscosity at 1 and 10 rpm at 23°C, viscosity being 
measured with a Brookfield viscometer, spindle #6 at 
23°C. 

[0052] The following examples are given to further il- 
lustrate the present invention, but are not intended to 
limit the same. 



Examples 

[0053] All examples given below were executed in a 

3 1 glass reactor, equipped with electronic temperature 
5 measurement and control, reflux condenser, and meter- 
ing pumps for at least four different for parallel feeding. 
Mixing was done using an anchor-type stirrer at 150 
rpm, constantly. The ingredients of the recipe were dis- 
tributed among initial reactor charge, feed 1 , feed 2, feed 

10 3, feed 4, and feed 5 and 6, if applied. The initial reactor 
charge was heated and feed 1 and 2 were started at 
approximately 55°C to initiate the reaction. Feed 3 and 

4 were started at 65°C and were metered in during 3 
hours. Reaction temperature was maintained between 

is 65 and 70°C during the addition of feed 3 and 4. It was 
70°C for the last hour where the remaining feed 1 and 
2 were added completely after feed 3 and 4 were com- 
pleted. Total reaction time was about 4.5 hours. The free 
monomer content based on latex after the start of feeds 

20 3 and 4 was controlled by appropriate addition rates for 
feeds 1,2,3, and 4 to be between 5 to 1 5%. Feed 5 and 
6, if applied, are added after feeds 1 and 2 have been 
completed. 

25 Example 1 (Comparison A) 

Vinyl acetate / VeoVa9 / NMA - adhesive without 
polyethylenically unsaturated monomer 

30 [0054] The initial reactor charge consisted of 34.93 
parts of a 10% PVOH solution, the PVOH having a de- 
gree of hydrolysis of 92% and a solution viscosity of 25 
mPas at 23°C for a 4% solution, 11.44 parts of a mon- 
omer solution containing 90% VAC and 10% of VeoVa9 

35 (the latter is a commercial product of Shell), 0.23 parts 
of a 1 % ferro ammonium sulfate solution and 0.31 parts 
of water. 

[0055] Feed 1 consisted of 5.84 parts of a 1% tBHP 
solution and feed 2 of 5.84 parts of a 1 .7% SFS solution. 
40 Feed 3 consisted of 34.32 parts of monomer solution 
containing 90% VAC and 10% of VeoVa9, and feed 4 of 
1.21 parts of a 48% NMA solution together with 5,88 
parts of water. 

[0056] No other feeds were applied. The resulting la- 
45 tex (1 00 parts) provides a solid content of 50% for 1 00% 
monomer conversion. Reaction was executed as given 
above. 

Example 2 (Comparison B) 

50 

Vinyl acetate / NMA - wood glue without 
polyethylenically unsaturated monomer 

[0057] Initial reactor charge consisted of 34.93 parts 
55 of a 10% PVOH solution, 11.44 parts of monomer VAC, 
0.23 parts of a 1 % Ferro ammonium sulfate solution and 
0.31 parts of water. 

[0058] Feed 1 consisted of 5.83 parts of a 0.1% BHP 
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solution and feed 2 of 5.83 parts of a 0.17% SFS solu- 
tion. Feed 3 consisted of 34.32 parts of monomer VAC 
and feed 4 of 1.21 parts of a 48% NMA solution together 
with 4.48 parts of water. Feed 5 consisted of 0.53 parts 
of a 10% tBHP solution and feed 6 of 0.89 parts of a 
10% SFS solution. 

[0059] The resulting latex (1 00 parts) provides a solid 
content of 50% for 100% monomer conversion. Reac- 
tion was executed as given above. 

Example 3 

Vinyl acetate / VeoVa / NMA - adhesive with 50 ppm TAC 

[0060] The same procedure as in example 1 was fol- 
lowed with the exception that 50 parts per million (ppm) 
of triallyl cyanurate monomer (TAC) based on total mon- 
omer were added to the initial reactor charge. 

Example 4 

Vinyl acetate / NMA - wood glue with 10 ppm AMA 

[0061] The same procedure as in example 2 was fol- 
lowed with the exception that 10 ppm of allyl methacr- 
ylate (AMA) based on total monomer were added to the 
initial reactor charge. 

Example 5 

Vinyl. acetate / NMA - wood glue with 50 ppm AMA 

[0062] The same procedure as in example 2 was fol- 
lowed with the exception that 50 ppm of allyl methacr- 
ylate (AMA) based on total monomer were added to the 
initial reactor charge. 

Example 6 

Vinyl acetate / NMA - wood glue with 75 ppm AMA 

[0063] The same procedure as in example 2 was fol- 
lowed with the exception that 75 ppm of allyl methacr- 
ylate (AMA) based on total monomer were added to the 
initial reactor charge. 

Example 7 

Vinyl acetate / NMA - wood glue with 90 ppm AMA 

[0064] The same procedure as in example 2 was fol- 
lowed with the exception that 90 ppm of allyl methacr- 
ylate (AMA) based on total monomer were added to the 
initial reactor charge. 



Example 8 (Comparison C) 

Vinyl acetate / VeoVa / NMA - adhesive with 300 ppm 
TAC " ~ " ~ 

5 

[0065] The same procedure as in example 1 was fol- 
lowed with the exception that 11.3 parts of the monomer 
solution added to the initial reactor charge had following 
composition: 80% VAC, and 20% VeoVa9. The same 
10 monomer composition was applied in feed 3. Addition- 
ally 300 ppm triallyl cyanurate (TAC) based on total 
monomer were added to the initial reactor charge. 

Example 9 (Comparison D) 

15 

Vinyl acetate / NMA - wood glue with 300 ppm AMA 

[0066] The same procedure as in example 2 was fol- 
lowed with the exception that 300 ppm of allyl methacr- 
20 yiate (AMA) based on total monomer were added to the 
initial reactor charge. 

Test Methods 

25 Latex Particle Size 

[0067] Latex particle size distributions were obtained 
using the Coulter LS230 (Coulter Corporation, Miami, 
Florida 331 96) for the appropriate diluted latex samples. 
30 Results given below refer to the volume density distri- 
bution function of particle size (Figures 1 and 2) and to 
the median or central value of the volume distribution 
function X 3 50 (Table 1 ). 

35 Latex Viscosity and Shear Thinning 

[0068] Latex viscosity was measured using a Brook- 
field viscometer with spindle No. 6. Viscosity data were 
taken for 1, 10 and 20 rpm. As usual the latex viscosity 
40 is given for 20 rpm (Bf 20) in mPas. To characterize the 
non-Newtonian behavior a shear thinning factor SF is 
calculated from the viscosity at 1 and 10 rpm: SF = (Bf1 
/ Bf1 0) - 1 . All measurements were done for temperature 
stored samples at 23°C. 

45 

Woodworking Adhesive Formulation 

[0069] Base latices, which were polymerized as g i ven 
above, were formulated to provide the woodworking ad- 

50 hesive formulation. Butyl diglycol acetate was used as 
a film forming agent (2,6 parts for 1 00 parts of latex) and 
aluminum chloride hydrate was used as a catalyst (3.5 
parts of a 50% solution for 100 parts of emulsion). The 
mixing of the components was done at ambient temper- 

55 ature. The gluing of the wood specimens was executed 
within 1 to 5 days after the formulation was finished. 
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Bond Strength In accordance to DIN EN 204/205 

[0070] Test specimens were produced in accordance 
with DIN EN 205. For this purpose pairs of beechwood 
panels, each 5 mm thick, 130 mm wide and 600 mm 
long, were bonded to one another with the adhesive for- 
mulation to be tested under a pressure distributed uni- 
formly over the bond area and were stored in accord- 
ance with DIN EN 204: For testing for allocation to per- 
formance group D3, the specimens, after gluing, were 
stored under standard climatic conditions (23°C, 50% 
atmospheric humidity) for 7 days and then stored in cold 
water at 23°C for 4 days. After this storage, the bonded 
panels were divided into test specimens each measur- 
ing 150 mm in length. These test specimens was fol- 
lowed to determine the bond strength in the tensile 
shear test, in which the bonded specimens were pulled 
apart using a tensile testing machine at a pulling rate at 
50 mm/min and were stressed until they broke. The 
maximum force F max which occurred upon fracture was 
determined. The bond strength (D3 value) is calculated 
in accordance with DIN EN 205 from F max /A, where A 
is the bonded test area. To fulfill the requirements of per- 
formance group D3 this bond strength has to be D3 > 2 
N/mm 2 . 

Testing for Thermal Stability in accordance with WATT 
91 

[0071] As test specimens pairs of beechwood panels 
each 5 mm thick, 125 mm wide and 325 mm long were 
bonded to one another using the adhesive dispersion 
tested, under a pressure distributed uniformly over the 
bond area. Following storage, the bonded panels were 
divided into test specimens each measuring 150 mm in 
length and 20 mm in width. After the test specimens had 
been prepared they were stored at a temperature of 
80°C in an oven preheated to 80°C. Directly following 
.hot storage, the thermal stability or heat resistance was 
determined in the tensile shear test DIN EN 205, in 
which the bonded test specimens were pulled apart us- 
ing a tensile testing machine at a pulling speed of 50 
mm/min and were stressed until they broke. The maxi- 
mum force F max which occurred upon fracture was de- 
termined. The heat resistance WATT 91 is calculated 
from F max /A, where A is the bonded test area. To fulfill 
the requirements for a high performance glue the heat 
resistance has to be > 7.0 N/mm 2 . 

Testing the Setting Properties 

[0072] In a manner similar to the procedure for testing 
the bond strength, pairs of oak panels each 5 mm thick, 
20 mm wide and 1 50 mm long were bonded to one an- 
other using the adhesive dispersions to be tested, with 
a pressure which was distributed uniformly over the 
bond area, and the bond strength was determined in the 
tensile shear test after a setting time of 20 minutes, after 



which the bonded test specimens were pulled apart us- 
ing a tensile testing machine at a pulling speed of 50 
mm/min and were stressed until they broke. The maxi- 
mum force F max which occurred upon fracture was de- 
5 termined, and was used to determine the bond strength 
at setting time as a measurement for the setting speed 
F max /A, where A is the bonded test area. To fulfill the 
requirements for a high performance fast setting glue 
the setting speed has to be > 6.5 N/mm 2 . 

10 

Results 

[0073] In Table 1 the results for the nine products pro- 
duced by the recipes given above are summarized. Ad- 

15 ditionally, Figure 1 illustrates the particle size distribu- 
tions as obtained from measurements using the Coulter 
LS230 for examples 2, 5, 6 and 7 using AMA as the pre- 
crosslinking monomer. Figure 2 gives the particle size 
distributions obtained for examples 1 and 3 using TAC 

20 as the pre-crosslinking monomer. 

[0074] It is obvious from these results that the use of 
small amounts of a pre-crosslinking agent (less than 
0.01% based on total monomer) enables an increased 
final latex particle size, a decreased shear thinning and 

25 an increased speed of set. Other important properties 
of woodworking adhesives, such as viscosity (Bf 20), 
water resistance (D3 value) and heat resistance (WATT 
91) are unchanged within the experimental reproduci- 
bility. When using pre-crosslinking agents in amounts of 

30 above 0.01% (examples 8 and 9) the speed of set is 
reduced considerably, whereas the shear thinning be- 
comes too low. This is especially demonstrated by ex- 
ample 8 for which the negative SF value indicates some 
shear thickening or dilatancy. As can be seen from Ex- 

35 amples 4 to 7 the effects are dosage dependent with 
countercurrent tendency for particle size and shear thin- 
ning. . 

[0075] The comparison of the results for examples 3 
and 4 as well as for examples 8 and 9 yields to the con- 

40 elusion that the tri-functional TAC is more effective for 
reducing the particle size and thus the shear thinning 
compared to the bi-functional AMA. 
[0076] Figure 1 shows the particle size distribution for 
examples 2 (for comparison), 4, 5, 6, and 7 as obtained 

45 from measurements using the coulter LS230. As can be 
seen from the graph, the polymer latex of comparative 
example 2 has a particle size mode below 1 micrometer. 
In contrast to this, the polymer latices of the invention 
(examples 4, 5, 6, and 7) have mode particle sizes 

50 above 1 micrometer, showing a considerable increase 
in particle size for the polymer latices of the invention. 
The same comparison is made in Figure 2 for compar- 
ative example 1 and invention example 3 using TAC. 
Figure 3 shows the decrease of shear thinning with in- 

55 creasing particle size X3,50 for examples 2, 4, 5, 6, 7 
and 9 indicating a strong correlation (correlation coeffi- 
cient R 2 =0.95) whereas the viscosity (Bf 20) itself re- 
mains more or less unchanged. 
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[0077] Although having been described by reference 
to preferred embodiments above, the invention is not 
limited to these embodiments. It will be clear that various 
changes and modifications may be made in the embod- 
iment of the invention described above, without depart- 
ing from the scope of the invention as defined in the 
claims. It is therefore intended that all matter disclosed 
in the foregoing description shall be interpreted as illus- 
trative only and not as limitation of the invention. 
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Claims 

1. A vinyl acetate based polymer latex composition 
obtained by emulsion polymerization, the polymer 
comprising 

(i) PVOH, and 

(ii) a monomer mixture, said monomer mixture 
comprising 

- vinyl acetate, and 

a pre-crosslinking monomer selected from 
one or more polyethylenically unsaturated 
compounds wherein said pre-crosslinking 
monomer is present in amount of less than 
0.01 % by weight based on the total mono- 
mer content and which pre-crosslinking 
monomer is initially charged to the polym- 
erization reaction mixture. 

2. The vinyl acetate based polymer latex composition 
of claim 1, wherein the pre-crosslinking monomer 
is selected from the group consisting of decadiene, 
vinyl crotonate, diallyl phthalate, divinyl adipate, 
methylene bis{meth)acrylamide, triallyl cyanurate, 
butanediol di(meth)acrylate, hexanediol di(meth) 
acrylate, pentaerythritol tri-(meth)acrylate, pentaer- 
ythritol di(meth)acrylate, triethylolpropane tri(meth) 
acrylate, triethylolpropane di(meth)acrylate, divi- 
nyldimethylsilane, triethylene glycol di(meth)-acr- 
ylate, allyi(meth)acrylate and mixtures thereof. 

3. The vinyl acetate based polymer latex composition 
of claim 2, wherein the pre-crosslinking monomer 
is selected from allylmethacrylate, triallyl cyanurate 
and mixtures thereof. 

4. The vinyl acetate based polymer latex composition 
of claim 1 further comprising a post-crossl inking 
monomer selected from the group consisting of N- 
alkylol derivatives of an amide of an a.p-ethyleni- 
cally unsaturated carboxylic acids and mixtures 
thereof. 

5. The vinyl acetate based polymer latex composition 
of claim 4, wherein the post-crosslinking monomer 
is selected from the group consisting of N-C 1 . 3 -alky- 
lol (meth)acrylamides, N-C- 1 . 3 -alkyIol melamide, 
N-C 1 . 3 -alkylol melamic acid or ester, N-C 2 _ 5 -acylol 
amides of vinylaromatic acids, N-C^-alkoxymethyl 
(meth)-acrylamide, and mixtures thereof. 

6. The vinyl acetate based polymer latex composition 
of claim 5, wherein the post-crosslinking monomer 
is N-methylol acrylamide. 

7. The vinyl acetate based polymer latex composition 
of claims 4 to 6, wherein the post-crosslinking mon- 



omer is comprised in an amount of 0.1 to 5.0% by 
weight based on the total monomer content. 

8. The vinyl acetate based polymer latex composition 
5 of claims 1 to 7, further comprising one or more co- 

polymerizable comonomers selected from 

up to 40% by weight another vinylic ester, 
up to 1 5% by weight acrylic monomer, 
10 - up to 3 % by weight unsaturated carboxylic ac- 
id, and 

up to 20% by weight ethylene, 

all percentages being based on total monomer con- 
15 tent. 

9. The vinyl acetate based polymer latex composition 
of claim 8, comprising one or both of 1 to 20% by 
weight ethylene and 1 to 30% by weight vinyl ester 

20 as the copolymerizable comonomer, provided the 
total amount of copolymerizable comonomer does 
not exceed 1 to 40% by weight. 

10! The vinylacetate based polymer latex composition 
25 of one of the proceeding claims comprising 3 to 1 5 
%byweigthPVOH. 

11. The vinyl acetate based polymer latex composition 
of claim 10, wherein the PVOH has a degree of hy- 

30 drolysis of from 85 to 97 mole %. 

12. A vinyl acetate based polymer latex composition of 
one of the preceeding claims obtained by emulsion 
polymerization, the polymer comprising 

35 

(i) PVOH, and 

(ii) a monomer mixture, said monomer mixture 
comprising 

40 - vinyl acetate, 

pre-crosslinking monomer selected from 
one or more polyethylenically unsaturated 
compounds wherein said pre-crosslinking 
monomer is present in amount of less than 

45 0.01 % by weight based on the total mono- 

mer content, and which pre-crosslinking 
monomer is initially charged to the polym- 
erization reaction mixture, and 
a post crosslinking monomer in an amount 

50 of 0. 1 to 5.0% by weight, based on the total 

monomer content. 

13. The vinyl acetate based polymer latex composition 
of claim 12, wherein the pre-crosslinking monomer 

55 is AMA or TAC, and the post-crosslinking monomer 
is NMA. 

14. The vinyl acetate based polymer composition of 
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claim 13, wherein the PVOH has a degree of hy- 
drolysis of from 85 to 97 mole %. 

15. The vinyl acetate based polymer latex composition 

of claims 12 to 14, further comprising one or more 5 
copolymerizable comonomers selected from 

up to 40% by weight another vinylic ester, 

up to 1 5% by weight (meth)acrylic monomer, 

up to 3% by weight unsaturated carboxylic acid, 10 

and 

up to 20% by weight ethylene, all percentages 
being based on total monomer content 

16. An adhesive comprising a vinyl acetate based pol- *5 
ymer latex composition obtained by emulsion po- 
lymerization, the polymer comprising 

(i) PVOH, and 

(ii) a monomer mixture, said monomer mixture 20 
comprising 

vinyl acetate, and 

a pre-crosslinking monomer selected from 
one or more polyethylenically unsaturated 25 
compounds wherein said pre-crosslinking 
monomer is present in amount of less than 
0.01% by weight based on the total mono- 
mer content, and which pre-crosslinking 
monomer is initially charged to the polym- 30 
erization reaction mixture, 
further optionally comprising: a post- 
crosslinking monomer, up to 40% by 
weight of another vinylic ester, up to 15% 
by weight of (meth)acrylic monomer, up to 35 
3% by weight of unsaturated carboxylic ac- 
id, and up to 20% by weight of ethylene, all 
percentages being based on total mono- 
mer content, 

40 

optionally in combination with appropriate addi- 
tives. 

17. The adhesive of claim 16 which is a woodworking 
adhesive. 45 

18. The use of a vinyl acetate based polymer latex com- 
position obtained by emulsion polymerization, the 
polymer comprising 

50 

(i) PVOH, and 

(ii) a monomer mixture, said monomer mixture 
comprising 

vinyl acetate, and 55 
a pre-crosslinking monomer selected from 
one or more polyethylenically unsaturated 
compounds wherein said pre-crosslinking 



monomer is present in amount of less than 
0.01 % by weight based on the total mon- 
omer content, and which pre-crosslinking 
monomer is initially charged to the polym- 
erization reaction mixture, 
further optionally comprising: a post- 
crosslinking monomer, up to 40% by 
weight of another vinylic ester, up to 15% 
by weight of (meth)acrylic monomer, up to 
3% by weight of unsaturated carboxylic ac- 
id, and up to 20% by weight of ethylene, all 
percentages being based on total mono- 
mer content, 

optionally in combination with appropriate additives 
in an adhesive. 

1 9. The use according to claim 1 8 wherein the adhesive 
is a woodworking adhesive. 

20. In a vinyl acetate based polymer latex suited for use 
in formulating a wood glue wherein a monomer mix- 
ture comprised of vinyl acetate and N-methylol acr- 
ylamide, are polymerized in the presence of polyvi- 
nyl alcohol protective colloid, the improvement 
which comprises incorporating allyl methacrylate or 
triallyl cyanurate in the monomer mixture in an 
amount of from 2 to 90 ppm. 
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Figure 3 
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